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1. Introduction.

On 15 May 2001, changes to the follow ng areas in the MRF
anal ysi s/ forecast system were inpl enented:

Physi cs
I ncl usion of cloud condensate as a history variable
Use of the cloud condensate in the calculation of radiative
transfer
I ncl usi on of cunul us nmoment um m xi ng

Anal ysi s
Stronger quality control for AMSU radi ances
Ref i nement of the hurricane relocation algorithm

Thi s package of changes has produced i nprovenent in
circulation patterns in both the extratropics and the tropics,
and a significant reduction of the false alarmrate for tropical
storns. It has al so changed significantly the nodel's
tenperature bias.

2. Prognostic cloud condensate.
The conputer code for the NCEP operational gl obal spectral nopdel
is designed in such a way that a nunber of tracers can be
prognostic quantities. The prognostic tracers used in the
present operational nodel are the specific humdity and ozone
m xing ratio, while the experinmental nodel has an additi onal
tracer, nanely, the cloud condensate m xing ratio. C oud
condensate is represented as a spectral variable and its three-
di mensi onal advection is treated in the sanme fashion as any ot her
tracer in the global nodel

The equation governing the evolution of cloud condensate can
be witten as

9q, 9q,
=-V'Vq-~6—+8 -~ P-E+F__
ot oo

where g_is the cloud condensate mxing ratio (which can be
either liquid water or ice, depending on |ocal tenperature),



the first two terns on the right-hand side are the three-
di mensi onal advection, s5_1is the source of g_through convective

processes, S is the source of g_ through grid-scale
condensation, P is the rate of conversion of g, to

precipitation, E is the evaporation rate of cloud condensate, and
F_, is the horizontal and vertical diffusion.

The convective source term S_is provided by the cloud top

detrainment in the convective paraneterization . The |arge-scale
condensati on S, is based on Zhao and Carr (1997), which in turn

is based on Sundqvist et al.(1989). The precipitation rate P is
paraneterized foll owm ng Zhao and Carr (1997) for ice, and
Sundqvi st et al.(1989) for liquid water. Evaporation of the

cl oud condensate also follows Zhao and Carr (1997).

The fractional area of the grid box covered by the
cloud is conmputed diagnostically follow ng the approach of
Xu and Randal |l (1996) using the fornula

0.25 2000x(q, - 9,/
C=max[R°?° (1- exp- ),0.0]
min[max([(1-R)g*]%°%2°,0.0001),1.0]

where Ris the relative humdity, g* is the saturation
specific humdity and g_. is a mninumthreshold value of qg_.

The saturation specific humdity is calculated with respect to
wat er phase or ice phase depending on the tenperature. Unlike
t he operational nodel, the new nodel has only one type of cloud
cover represented by C In the tropics the cloudiness is
primarily due to convective anvils, the result of cunulus
detrai nnment, whereas in the extratropics, cloudiness is mainly
t hrough grid-scal e condensati on.

The fractional cloud cover Cis available at all nodel
| evels. There is no cloud cover if there is no cloud condensate.
In the operational nodel's radiation schene, clouds are assuned
to be maximally overl apped if adjacent |ayers are cloudy. In the
prognostic cloud condensate version, clouds in all |ayers are
assuned to be randonmy overl apped. Qher options wll be
explored in the future.

The radi ation paraneterization is also appropriately
nodi fied to nake use of the predicted cloud condensate in
the cloud-radiation interaction. The operational nbdel
cal cul ates cloud optical thickness as a function of |ayer
tenperature and pressure thickness based on Harshvardhan et al.
(1989). The new shortwave radiation follows the approach of
Slingo (1989), Chou et al.(1998) and Kiehl et al.(1998) and
cal cul ates the optical thickness fromthe predicted cl oud
condensate path. The new schene paraneterizes the cloud



single-scattering properties as a function of effective radius of
the cloud condensate. The extinction coefficient, the

singl e-scattering al bedo and asymetry factor for a broad band
are paraneterized as a linear function of the effective radius.
The cl oud optical thickness then depends on the extinction
coefficient and cloud condensate path. The effective radius for
ice is taken as a linear function of tenperature decreasing from
a value of 80 mcrons at 263.16 Kto 20 mcrons at tenperatures
at or bel ow 223. 16K For water droplets with tenperatures above
273.16 K an effective radius of 5 mcrons is used, and for
supercool ed water droplets between the nelting point and 253. 16
K, a value between 5 and 10 mcrons is used.

In the present version of solar radiation there are seven W
bands, one visible band and a choice of one or three IR bands.
Currently the one I R-band version is being used for conputational
econony, but in the future the three-band version may be used.
| nproved versions of paraneterizations of aerosol effects and
at nospheri c absorption due to oxygen are used in an attenpt to
reduce solar flux reaching the ground. For the infrared
radi ation, the cloud em ssivity is calculated fromthe predicted
cl oud condensate foll ow ng the approach of the NCAR CCM (Ki ehl et
al . 1998, Stephens (1984).

3. Convecti on

The MRF has suffered froma false-alarmproblemin its
tropical stormforecasts during the past few years, too often
making initially weak tropical disturbances into stronger storns
3-5 days into the forecast. The nechani smresponsible for
limting the growh of the storns is believed to be the
i nteraction between the convection and the vertical wind shear in
the environnment. Wiile the Sinplified Arakawa- Schubert schene in
t he operational MRF nodel includes wind shear considerations in
t he downdraft conputation, the nonentumfield is not altered
by convecti on.

In the upgrade to be inplenented, mass fl uxes induced in the
updraft and the downdraft are allowed to transport nonentum The
nonent um exchange i s cal cul ated through the mass flux formnulation
in a mnner simlar to that for heat and noisture. In order to
take into account the pressure gradient effect on nonentum a
sinple paraneterization using entrainnent is included for the
updraft nmonentuminside the cloud.

The entrainment rate, tuned to ensure that the tropical
easterly jet strength in the Indian nonsoon flow naintains the
| east drift in the forecast is set to 1/km This addition to the
cunmul us paraneterization has reduced the feedback between heating
and circulation in sheared fl ows.

In addition, we have made a change in the cloud top
selection algorithmin the convection paraneterization. In the
current SAS schene, the cloud top level is determ ned by the
parcel nethod. The | evel where the parcel becones stable with
respect to the environnment is the cloud top. Wen the prognostic



cl oud water schene is tested with this schene, there is evidence
that cloud top detrainnment is too concentrated in the upper
troposphere. In order to provide a nore even detrai nnent of cloud
water in the tropics, we have made a change to the sel ection

al gorithm Once the highest possible cloud top has been

determ ned by the parcel nethod, we nmake a random sel ection of
the actual cloud top between the highest possible cloud top and
the I evel where environnental noist static energy is a mninum
The proper entrainnment rate is conputed to ensure that the parce
beconmes neutral at the new cloud top. This is very simlar to the
Rel axed Arakawa- Schubert (RAS) schene devel oped by S. Morthi.

4. Anal ysi s changes.
Two m nor anal ysis changes are included in this package.

a. An additional quality control test for AMSU-A radi ances has
been added to screen out observations whose sinul ated brightness
tenperatures are highly sensitive to the surface emssivity. The
effect of this test is largely limted to observations over water
surfaces in the presence of high |Iowlevel w nd speeds.

b. The tropical stormrelocation algorithm has been refined as
fol |l ows:

(1) the land/sea mask is not checked;

(2) over nountains >500min elevation only the wind field
is rel ocated,

(3) hurricane positions at -3h and +3h are esti mated
based on the difference between
t he nodel position and the observed position at Oh.

5. I npact of the changes on nodel behavi or.

The maj or conponents of the package to be inplenented were
tested separately and then together in daily runs parallel to the
operational systemin nore or less final form from about
Oct ober, 2000 through May, 2001, during nost of which period the
forecasts were available for daily inspection by the staff in HPC
as supplenental input into national guidance and to personnel in
ot her branches who attend the daily map discussions. In
addition, retrospective runs for May through m d-June of 1999
were made and eval uated by HPC personnel, including the South
American Desk. Finally, retrospective runs covering part of the
2000 hurricane
season were nade available to the Tropical Prediction Center.

The general consensus of the subjective eval uations com ng out
of these runs was that the nost noticeable features of the new
nodel i ncl ude

a. Reduction of the frequency and strength of
tropical stornms, elimnating nany fal se al arns



b. Replacenent of the warm bias near the surface with
a cold bias

c. Decreased intensity of cut-off circulations in
the extratropics and a related | oss of transient-eddy
kinetic energy in the upper troposphere

6. Model performance statistics vs. analysis

I n eval uations of predicted wind and nmass fiel ds agai nst
verifying anal yses, the new package showed consi st ent
i nprovenent over the operational for both the sumer/autum
and the winter tests. The 500-hPa anomaly correl ation di eoff
curves for the first period, Cctober 6-Decenber 14, 2000 are
shown in Fig. la for the Northern Hem sphere and Fig. 1b for the
Sout hern Hem sphere. The correspondi ng curves for the period 15
Dec 2000 through 27 Feb 2001, given in Fig. 2a and Fig. 2b show
the sanme general picture. The new nodel (MRFY, green)gets better
scores on average at all forecast lengths out to 9 days, in both
hem spheres, for all wave nunber groups shown, and in both
seasons tested. In addition, the inprovenent of the new package
over the operational nakes up a significant portion of the gap
bet ween the operational and the ECMAF (red) in the extratropics.

Verifications of three-day forecasts of winds at two |levels in
the tropics, shown in Fig. 3, reveal a consistent reduction in
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Fig. 2a. As in 1a, but for Dec-Feb.

Fig. 2b. As in 2a, but for S. Hemiisphere.
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Fig. 3. RMS vector wind error, day 3, 200 and 850 r awi nsondes
hPa, tropics. New model in green, averages in inset
Vertical distributions of rns
vector wi nd errors agai nst rawi nsonde observations in the

extratropi cs averaged over April, 2001 for forecasts to 2 days
are plotted in Fig. 4a for the operational nodel and Fig. 4b for
the new nodel. The errors are only slightly smaller in the new

nodel , probably because only the first two forecast days were
consi der ed.

In spite of its good scores for mass and wi nd forecasts,

t he new nodel has problens with tenperature bias.

The vertical distributions of the tenperature errors

verified agai nst raw nsondes averaged over the Northern

Hem sphere for March, 2001 are shown in Fig. 4c for the old nodel
and Fig. 4d for the new nodel .

It is clear that even though the rnms error has not been nmuch
affected, there has been an increase and change in sign of the
bi as, apparent even early in the forecast. This is consistent
with the distribution of the day 5 tenperature errors with
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bias and rms error, old model.

latitude in the error pattern against anal yses, shown

in the vertical cross sectionin Fig. 4e. In this diagramold is
above, new bel ow. The distribution over the U S. of 850-hPa
tenperature errors vs observations for the analysis, guess, and
12-h, 24-h, 36-h and 48-h forecasts during April, 2001 is shown
in Fig. 4f for the old nodel and Fig. 4g for the new nodel. Since
the 12-h and 36-h forecasts verify at 12z and the others at 00z,
t he diurnal dependence of the bias is discernible. Both are
sonewhat warner at 00z. During this period, the old nodel shows
a strong diurnal variation of bias, warmduring the day, cold at
night, while the new nodel (prx) is always cool in nost areas,
with the | argest biases in the northwest quadrant of the country.
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8. Precipitation verifications

Based on observations over the Continental U S., the new nodel

yi el ded nuch the sane threat scores as the old, but was
consistently a bit wetter, usually only for anounts under half an
i nch.

As an exanpl e,threat scores for January, 2001 are shown in Fig.
5a and bias scores in Fig. 5b The blue curves (MRFY) represent
t he new nodel (w thout the analysis changes), the red lines the
old (The green lines are for a test of the analysis changes

only).
9. Hurricane case
An exanpl e of the suppression of a spurious hurricane occurred

during tests of the new physics in the Autum, 2000 hurri cane
season.



Temp 850 mb BIAS in Celsius
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The 132-h forecast fromthe old nodel is shown in Fig. 6a,the new
nodel in Fig. 6b and the verifying analysis in Fig. 6¢c In this
case a spurious stormin the Eastern Pacific was suppressed,

while the real stormin the Atlantic (Al berto) was retained, with
a nodest loss of intensity.

10. Summary and future work

Based on the | arge nunber of experinental runs and di agnostic
tests conducted our conclusion is that the maj or changes
descri bed above have, on average, significantly inproved the
accuracy of forecasts of the mass and wind fields. Evaluations
fromoutside of the Environnmental Modeling Center of both
paral l el and retrospective experinents were positive - the new
nodel was found to provide better guidance than the old. A
particularly valuable result was the strong reduction in the
nunber of spurious |owlevel circulations produced in the
subtropics and tropics. On the negative side, precipitation
forecasts did not show i nprovenent and neither did tenperature
bi ases. Also, the nodel seened to be |osing kinetic energy

inits transient eddies over the first week to ten days of the
forecast.

It is felt that this inplenentation wll put the nodel
firmer and nore realistic physical footing, but,
maj or inplenmentation of this sort,

on a
as with any
tuning and adjusting wll be
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necessary before the full value of the changes is realized. O
necessity, this process could not be carried out during the



| engt hy period during which the systemhad to be frozen
for pre-inplenentation testing and evaluation by the field, but
it will begin as soon as possible.

Ref er ences.

Chou, MD., M J. Suarez, C H Ho, M M H Yan, and K. T.
Lee, 1998: Paraneterizations for cloud overlapping and
shortwave single scattering properties for use in general
circulation and cloud ensenble nodels. J. Cimte, 11, 202-
214.

Har shvardhan, D. A Randall, T. G Corsetti, and D. A
Dazlich, 1989. Earth radi ation budget and cl oudi ness
simulations with a gl obal general circulation nodel. J.Atnos.
Sci,. 46, 1922-1942.

Kiehl, J.T., J. J. Hack, G B. Bonan, B. A Boville, D. L.
Wl liamson, and P. J. Rasch, 1998: The national center
for atnospheric research community clinmate nodel CCMB.
J. dimte, 11, 1131-11409.

Slingo, A, 1989: A GCM paraneterization for the shortwave
radi ative properties pf water clouds. J. Atnos. Sci., 46,
1419- 1427.

Stephens, G L., 1984: The paraneterization of radiation for
nuneri cal weather prediction and clinate nodels. Mon.Wa. Rev.,
112, 826-867.

Sundqvist, H, E. Berge, and J. E. Kristjansson, 1989:
Condensation and cl oud studi es with nesoscal e nuneri cal
weat her prediction nodel. Mn. Wa. Rev., 117, 1641-

1757.

Xu, K. M, and D. A Randall, 1996: A sem enpirical
cl oudi ness paraneterization for use in climte nodels.
J. Atnos. Sci., 53, 3084-3102.

Zhao, Q Y., and F. H Carr, 1997: A prognostic cloud schene
for operational NW nobdels. Mn. Wa. Rev., 125, 1931-
1953.



